Cytospora is a genus including important phytopathogens causing severe dieback and canker diseases distributed worldwide with a wide host range. However, identification of Cytospora species is difficult since the currently available DNA sequence data are insufficient. Aside the limited availability of ex-type sequence data, most of the genetic work is only based on the ITS region DNA marker which lacks the resolution to delineate to the species level in Cytospora. In this study, three fresh strains were isolated from the symptomatic branches of Elaeagnus angustifolia in Xinjiang Uygur Autonomous Region, China. Morphological observation and multi-locus phylogenetic analyses (ITS, LSU, ACT and RPB2) support these specimens are best accommodated as a distinct novel species of Cytospora. Cytospora elaeagnicola sp. nov. is introduced, having discoid, nearly flat, pycnidial conidiomata with hyaline, allantoid conidia, and differs from its relatives genetically and by host association.
Introduction
The genus Cytospora contains important phytopathogens causing dieback and stem canker disease on multiple woody plants [1, 2] . It was introduced by Ehrenberg in 1818 [3] and belonged to the family Cytosporaceae in Diaporthales [4] . This disease has globally caused great losses on ecologically and commercially important woody plants. Cytospora is characterized by the diaporthalean-like perithecial ascoma, clavate to elongate obovoid asci with allantoid, hyaline, aseptate ascospores in sexual state; and the single or labyrinthine locules, filamentous conidiophores, phialidic conidiogenous cells with allantoid, hyaline, aseptate conidia in the asexual state [2, 5] . The asexual name Cytospora (1818) is an older name than all of the sexual synonyms Valsa (1849), Leucocytospora (1917) , Leucostoma (1917) , Valsella (1870) and Valseutypella (1919) , and thus has the priority in nomenclature [2, [6] [7] [8] . More than 610 species named Cytospora are listed at present in Index Fungorum (2019). However, the amount of species in Cytospora was with 110 estimated species [9] . Species criteria of Cytospora were previously based on host affiliations and morphology in China, however these bases are unreliable due to the uninformative illustrations and descriptions, weak host specificity and overlapping morphological characteristics [10] [11] [12] . Recent studies have reported updated phylograms for the genus Cytospora on the basis of multigene phylogenetic analyses using ex-type or reference strains [6, 7, [13] [14] [15] . However, because availability of the extype sequence data is limited to few species, identification of a strain to species level is very difficult. Recently, only 14 new species were included to this genus [16] .
Elaeagnus angustifolia is a drought-resistant tree that is grown as a major biomass energy source [17] , and has high medicinal and ecological value as well [18] . Furthermore, during an investigation of phytopathogens in north of China, most E. angustifolia trees were observed to suffer from dieback and stem canker caused by Cytospora species. In the current study, three representative Cytospora strains were collected from Elaeagnus angustifolia in Xinjiang Uygur Autonomous Region, China. Multilocus phylogenetic analyses using combination of ITS, LSU, ACT and RPB2 sequences confirmed finding of a new species in Cytospora. In this paper, C. elaeagnicola sp. nov. is introduced, accompanied with descriptions, illustrations and comparison with other species in the genus.
Materials and methods

Sample collection and isolation
Fresh samples of Cytospora were collected from infected branches and stems of E. angustifolia during investigations of phytopathogens in Xinjiang Uygur Autonomous Region, China. The samples placed in paper bags were brought to the laboratory for processing and experimental purpose using the same methodology as in Fan et al. [14, 15] . Single conidia were isolated by taking fruiting bodies and suspend the mucoid spore mass removed from conidiomata or ascomata in a drop of sterile water. The spore suspension from each sample was then spread over the surface of 1.8% potato dextrose agar (PDA) medium in a petri-dish and incubated at 25 C. After 24 h, a single germinating conidium was transferred to a fresh PDA plate. Samples and isolates of the new species were deposited in the Museum of Beijing Forestry University (BJFC) and single-spore cultures in the China Forestry Culture Collection Center (CFCC).
Morphology observation
Samples were observed on infected plant tissues including the structure and size of fruiting bodies. The photographs of the macro-morphological characteristics were recorded using a Leica stereomicroscope (M205 FA) while the micro-morphological observations were determined under a Leica compound microscope (DM 2500) with differential interference contrast (DIC). Over 20 fruiting bodies were sectioned, both vertically and horizontally, and 50 conidia were selected randomly to get the measurement of their length and width. Cultural characteristics, including the colony characters and the production of pigment of isolates on PDA incubated at 25 C in the dark were recorded, after 3, 7, and 30-days growth [19] .
DNA extraction, PCR amplification, and sequencing
Fungal mycelium grown on the cellophane of PDA was scraped for the extraction of genomic DNA following a modified CTAB approach [20] . The ITS region was amplified with the primers ITS1 and ITS4 [21] ; the LSU region with LR0R and LR7 [22] ; the partial ACT region with ACT512F and ACT783R [23] and the RPB2 region with RPB2-5F and fRPB2-7cR [24] . The PCR amplicons were estimated visually by electrophoresis in 2% agarose gels. Fragments were sequenced in both directions using the respective primers and the BigDye Terminater v.3.1 Cycle Sequencing Kit (Applied Biosystems; Foster City, CA). Sequences were joined and quality was examined with Seqman v.7.1.0 in the DNASTAR lasergene core suite software (DNASTAR Inc.; Madison, WI).
DNA sequence analysis
Sequences based on ITS region and the combined dataset (ITS, LSU, ACT and RPB2) were aligned using MAFFT v.6 [25] and edited manually using MEGA6 [26] , and some characters were excluded from both ends of the alignments to approximate the size of our sequences to those included in the dataset.
MP analysis was carried out by using PAUP v.4.0b10 with a heuristic search option of 1000 random-addition sequences with a tree bisection and reconnection (TBR) as the branch swapping algorithm [27] . Zero length branches were collapsed, whereas all equally parsimonious trees were saved. Stability of the clade was assessed with a bootstrap analysis of 1000 replicates [28] . Other measures calculated parsimony scores were tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency (RC) [27] . ML analysis was carried out by using RAxML v.7.2.8 with a GTR þ G þ I model of site substitution, including estimation of gamma-distributed rate heterogeneity and a proportion of invariant sites [29] . And the branch support from MP and ML analyses was evaluated with a bootstrapping method of 1000 replicates [28] .
BI analysis employing a Markov Chain Monte Carlo (MCMC) algorithm was performed using in MrBayes v.3.1.2 with the inverse gamma rates (GTR þ I þ G) nucleotide substitution model, which was selected based on the AIC criterion, using MrModeltest v.2.3 [30, 31] . Two MCMC chains were run from random trees for 1,000,000 generations, and trees were sampled every 100th generation, resulting in 10,000 total trees. The first 25% of trees were discarded as the burn-in phase of the analysis and the Bayesian posterior probabilities (BPP) were calculated using the remaining 7500 trees [32] .
In all analyses, C. elaeagnicola was selected as a distinct and new grape. Phylograms were examined in Figtree v.1.3.1 [33] . Novel sequence data was deposited in GenBank (Table 1) , the multilocus sequences alignment file was deposited in TreeBASE (www.treebase.org) accession S24181 and the taxonomic novelty was deposited in MycoBank.
Results
Phylogeny
The ITS sequences of the three isolates of Cytospora from E. angustifolia were aligned with 
Eucalyptus globulus
All the new isolates used in this study are indicated in bold type and the strains from type materials are marked by an superscript (T). Figure 1 ). Subsequently, phylogenetic analyses were performed based on a concatenated alignment of ITS, LSU, ACT and RPB2 from published articles, comprised of 102 Cytospora ingroup strains with a total of 2207 characters including gaps. In the alignment, 1538 characters were constant, 104 variable characters were parsimony-uninformative and 565 characters were variable and parsimonyinformative. MP analysis generated 105 parsimonious trees, one of which is presented in Figure 1 (TL ¼ 2,350, CI ¼ 0.412, RI ¼ 0.827, RC ¼ 0.341).
ML and BI analyses were similar to the MP tree. Cytospora elaeagnicola represented a monophyletic clade with full support values (MP/ML/BI ¼ 100/ 100/1) (marked in blue in Figure 2 ).
Taxonomy
Cytospora elaeagnicola X.L. Fan sp. nov. Figure 3 Mycobank: MB830292. Etymology: Named after the host genus on which it was collected, Elaeagnus. Notes: Cytospora elaeagnicola is associated with canker disease of Elaeagnus angustifolia. The phylogenetic inferences resolved this species as an individual clade both in ITS and combined multigene phylograms (Figures 1 and 2) , which was closed to C. spiraeae from Spiraea salicifolia. Morphologically, Cytospora elaeagnicola has obvious symptoms with black area on bark, and smaller conidia (5.5-6.5 Â 1.5-2 vs. 7-8 Â 2-2.5 mm) as compared with C. spiraeae; the cultures of C. elaeagnicola are white, differing from the cultures of C. spiraeae which becomes fawn after 7-10 days [34] . Considering the clearly distinction between these two species based on molecular phylogenetic position and on the host affiliation, Cytospora elaeagnicola is thus described as a novel species.
Discussion
In the current study, C. elaeagnicola sp. nov. was described from infected branches and twigs of E. angustifolia in northwest region of China, an area that has undergone desertification at an alarming rate. Previously, Fan et al. [7] described C. elaeagni and C. nivea from E. angustifolia during the investigation of canker disease of three anti-desertification plants. Compared to C. elaeagnicola, C. elaeagni has smaller locules (630-920 mm) with larger conidia (6.3-9.3 Â 2-2.9 mm) and dense cultures producing light brown pigment; C. nivea has obvious dark black conceptacle surrounding the conidiomata with larger conidia (6.2-9.2 Â 1.7-2.4 mm), and cultures producing dark green to black pigment [7] . These morphological deviations are in line with the combined phylogenetic analyses which resolved C. elaeagnicola as a separate, highly supported clade, both in the single ITS analyses and the concatenated analyses.
Cytospora species were previously identified by host association and morphological characteristics.
However, the uninformative illustrations and descriptions, overlapping morphological characteristics and low host-specificity have caused confusion in the identification of strains. Current study indicated more than one species of Cytospora are present on one host plant. In the future study, the taxonomy requires fresh collections from wide geographical ranges with comprehensive pathogenicity tests. Further studies are also needed in the clarification of the species diversity and in the understanding of their roles in plant diseases, especially for anti-desertification plants such as E. angustifolia in Northwestern China.
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